To improve education regarding sustainability and green buildings, we designed a multiplayer (2-4 people) green building strategy game called GBGame to deliver knowledge of and introduce applied technologies for green buildings. To verify the game's learning effect, we conducted separate measurements using the ARCS motivation model and a paper-based exam among 72 students majoring in architecture. These students were divided into an experimental group (who played the game) and a control group (who underwent lecture-based instruction). Results indicate that (1) game players had stronger learning motivation than those who attended the lectures; (2) players who learned through the game generally exhibited better learning effectiveness than non-players; (3) following cross-validation, we discovered a highly significant correlation between the learning effect and players' attention, perception of relevance, confidence, and satisfaction during the game; and (4) the game system was found to be attractive to the students, implying that it can be an effective instructional and recreational material to use during green building education.
Introduction
The world is facing rapid and inevitable urbanization [1, 2] . Every year, cities are expanding at a rate of 9%, while agricultural areas and forests are decreasing at a rate of 2.4% [3] . Studies have indicated that cities' carbon dioxide emissions account for 80% of the global total [3] , and the energy OPEN ACCESS consumed by the building industry globally accounts for 40% of total energy consumption [4] . Therefore, when faced with rapid urbanization and attendant environmental change, governments and educators in various countries will likely devote increased attention to engaging in greener development [5] .
Green building is building design that improves the efficiency of resources used such as energy (e.g., electricity), water, and materials, while simultaneously reducing the impact of a building on human health and the environment [6] . In 1990, the Building Research Establishment in the UK developed the world's first green building assessment system, the Building Research Establishment Environmental Assessment Method (BREEAM). The system was initially used only for the assessment of newly constructed office buildings but was eventually applied to various types of buildings to assist designers in their initial planning and design phases [7] . Following the development of the BREEAM, a growing number of other countries have also developed their own green building assessment systems, such as the Leadership in Energy and Environmental Design (LEED) assessment method developed by the U.S. Green Building Council and Canada's GB Tool System [8] . In all, there are currently 26 green building assessment systems worldwide [9] . In the structure of these assessment systems, most rating tools are focused on the life cycle assessment covering the stages of programming, design, construction, and operation. In addition, all of these assessment items include the issues of water and energy efficiency, materials and resources, and indoor environmental quality [10] . These systems are used as important communication tools to enhance dialogue between different design team members and broader groups of stakeholders [11] , and are enablers to push the increasing number of owners and developers to realize the market value and potential of green buildings [10] . The estimated value of the global green building market, for instance, was $195 billion in 2010 and is anticipated to reach $600 billion by 2015 [12] .
Taiwan established a scientific, quantitative Green Building Labeling System in 1999, which was the first assessment system suitable for tropical and subtropical regions. It consists of nine indicators, covering (1) biodiversity; (2) greening; (3) water soil content; (4) daily energy savings; (5) carbon dioxide emission reduction; (6) solid waste reduction; (7) water resources; (8) sewage and waste improvement; and (9) indoor health and environmental health [13] . By the end of March 2013, a total of 3753 buildings or building projects were certified as green buildings; water and electricity bill savings can reach $100 million annually [14] . Although the importance of environmental awareness has gained attention among the general public and governments, promoting green buildings has faced several obstacles [9] . Studies have indicated that people's willingness to accept green buildings was generally low because they did not fully understand the benefits, which had not been clearly conveyed [15] . This led to wariness about green building, especially since the construction costs are relatively high-environmentally friendly and energy-efficient equipment and facilities are more expensive than traditional materials. In addition, in many customer-oriented property markets such as East Asian countries, the willingness of construction companies to invest in green buildings has often been low because customers are not inclined to purchase a built product with high initial costs [9] . Therefore, there is still considerable room for improvement in the promotion of green building concepts and the public's awareness of environmental conservation [16] .
Several academic studies on green building have emphasized technical aspects such as the application of solar thermal technology [17] ; various design aspects [18, 19] ; marketability (e.g., people's level of willingness to purchase or fund green buildings) [20] ; environmental assessment systems and tools [21, 22] ; and green building policies and promotions [23, 24] . In contrast, issues relating to strengthening people's understanding of green buildings and environmental education have rarely been discussed. In recent years, there has been a growing trend toward the use of games as a teaching method. Previous studies have revealed that the application of games in various practical teaching fields has achieved positive results [25] [26] [27] ; for example, using games as a teaching medium has been shown to make the learning process more enjoyable, which in turn makes learners receptive to the learning content [27] . The game process is also a self-regulated learning model, meaning that it promotes individual cognitive development more effectively than traditional lecture-based learning [28] .
This study presents the development and testing of a tabletop game with a green building theme into which the nine indicators of the Green Building Labeling System (Taiwan) will be integrated to help players understand the concept of "environmental awareness." Seventy-two higher vocational school students majoring in architecture, divided into a control group and an experimental group, were used as experimental subjects to verify the learning effectiveness of the game. The next section will introduce the history of, concepts pertaining to, and literature related to game-based learning; subsequent sections will cover learning motivation and learning effectiveness, the design of this study's experiment, its results, and some conclusions and discussion for the application of the research.
Overview of Game-Based Learning
Games have always played an important role in human life; not only for entertainment, but also in fields such as education [29] . Using games as a teaching medium makes the learning process more enjoyable, which in turn makes the learners more receptive to the messages or information the game's creator or the instructor intends to convey [27] .
Among the different types of games, tabletop games in particular are an observed human practice that goes back to around 3000 BCE in pre-dynastic Egypt, where they played an important role in society [30] . Tabletop games are easy to transport, easy to learn, environmentally friendly, and cheap to produce; further, they foster easy communication and transmission of knowledge or skills [30] . Tabletop games have been used on many topics in the architecture, engineering, and construction (AEC) industry, including simulation of the building tender process [25] , urban sustainable development learning [27] , energy simulation [16] , interdisciplinary communication and education for climate change [31] , and construction resource allocation practices [32] . These examples show that tabletop games can be applied widely to education and can simulate various scenarios. In recent years, tabletop games with environment-focused themes have started to emerge, such as the game Meltdown launched by the German science magazine GEOlino, which addresses the problem of rapid ice melt at the North Pole as a result of global warming. In the game, "ice blocks" are used to simulate ice layers so that players can visualize this disaster caused by the greenhouse effect [33] . Another game, called EnviroPoly, aims to educate players on daily behaviors that may damage the environment and how to avoid them. The game includes 51 cards explaining environmental issues that are read during the game to educate the players [34] .
ARCS Motivation Model and Instructional Materials Motivation Survey
In many Asian countries, traditional rote-learning education systems, which resulted in part from a strong emphasis on credentialism, are the focus of severe disputes. In the lecture-based teaching mode, where a teacher presents formal lectures and students passively take notes for learning, students more often lack independent thinking ability and learning motivation than under systems that promote more independent thought and interaction [35] . In educational psychology, motivation is often regarded as the critical factor for either the success or failure of learning [36] . Lack of learning motivation affects the learner's attention in class, which in turn affects the quality of education [37] . In this sense, learning motivation is inseparable from learning effectiveness: greater motivation improves learning results and encourages learners to make a greater effort and continue learning [38] . Hofer [39] indicated that teachers should understand how to stimulate students' learning motivation to improve teaching effectiveness. This implies, among other things, that if instructional material does not stimulate learners' attention or interest, the effectiveness of learning suffers major setbacks [38] . Conversely, motivation is capable of stimulating a desire for learning and facilitating the completion of learning activities [40] .
Given this inseparable relationship between motivation and education, teachers are faced with the need to identify strategies that will improve students' learning motivation [41] . In pursuit of this goal, Keller [38] proposed a systematic teaching strategy capable of improving and maintaining learning motivation, known as the ARCS motivation model, which identifies the following as the four essential factors of learning motivation:
(1) Attention: This refers to whether teaching methods and instructional materials used can attract and retain learners' attention and interest and stimulate their curiosity. (2) Relevance: This refers to the potential for the application of courses and instructional materials.
Teachers must meet learners' individual requirements and goals to elicit an active learning attitude; similarly, to feel that materials are relevant, learners must be able to identify the significance of the learning. If applicability is not achieved, even if the learner's attention is attracted, effective learning will not be maintained [42] . (3) Confidence: Confidence affects learning endurance and achievement by either fostering or hindering motivation. If teachers neglect learners' apprehensions that the course may be either too difficult or not challenging enough, learners may lose confidence and thus motivation, hindering their learning. Therefore, instructional materials should be of an appropriate level of difficulty. (4) Satisfaction: This refers to learners' evaluation of the results of their work, and is an important factor for maintaining motivation. Learning is satisfactory when learners can apply learned knowledge or skills for a practical purpose (in this case, environmental protection through green building) that ultimately leads to a feeling of satisfaction [43] .
The ARCS motivation model can provide systematic teaching criteria to ensure that course design and instructional materials reflect learners' characteristics and meet their needs [44] . Following the development of Keller's ARCS motivation model, the Instructional Materials Motivation Survey (IMMS) was developed to verify a learner's degree of motivation. The IMMS uses 36 questions answered on a five-point Likert-type scale to measure the motivational reactions of learners (1 = Strongly disagree, 2 = Disagree, 3 = Neutral, 4 = Agree, and 5 = Strongly agree), for a total score that can range from 36 to 180 [45] . The IMMS measures motivational elements of instruction materials, whereby learning motivation can be understood [43] .
This study uses both the ARCS motivation model and the IMMS modified from Keller to develop game-based instructional materials and determine if they effectively convey knowledge and raise motivation to learn about green building.
Development and Design of the GBGame

Concept
The GBGame presented in this research simulates building construction in plots zoned for different land uses within the framework of city development. Within a given budget, players can construct buildings using construction cards and function cards that allow various strategic actions and implement various green building technologies to achieve the ultimate goal of developing an ecologically sound city. 
Game Materials
The physical aspects of the game (Figure 1 ) are comprised of base boards, cards, and tokens. The 19 hexagonal base boards simulate city plots dedicated to one of four land uses: commercial (red), industrial (coffee), residential (yellow), and agricultural (green). There are three types of cards: 72 construction, 32 function (including cards that spur interaction among the players as well as cards representing various green building technologies or strategies), and 35 environment. Tokens are divided into the following three types:
Player tokens: These are cylindrical markers representing the player's ownership of given lands; they are divided into five colors (to allow for five unique players), with four tokens for each color (one for each type of land use).
Building tokens: These are made up of three groups (Building A, B, and C) of 16 cubes each in three different colors and heights, representing building grades, which are upgradeable.
Green technology tokens: These are two-sided 20 green and black semicircular function markers. The green side represents green building technologies that have been applied in the buildings, whereas the black side represents punitive deductions for the lack of a green building concept. Figure 2 presents the steps of the game, which are as follows:
Sequence of the Game
(1) Starting action: The base boards are placed randomly in a clockwise direction. Then, the construction cards and function cards are shuffled and dealt to every player, after which the players choose a color for the tokens that represent their roles and claim one board of each respective land type. (2) Dealing environment cards: One environment card is dealt before the start of every round to simulate one of the ecological challenges faced by cities. For example, if a player extracts an environment card that reads "Environmental condition: global climate change has led to the worsening of urban heat island effects" and the player's building has either a "Water-permeable pavement" card or a "Green roof" card-either of which mitigates the heat island effect-the player is exempt from the negative effect and is awarded one scoring token. (3) Routine actions: Players can select one action for execution each round; examples include purchasing land, constructing a building, and investing in green building technologies. After completing construction of a building, players can also decide whether to sell land. In addition, cards can be strategically traded for new cards from the draw pile. (4) Special action: Players can interact with one another in various ways during the game process using the function cards. For example, a player may play a function card affecting another player, such as "Excessive CO emissions from building materials" or "Failure to meet waste reduction benchmarks." If the other player has not yet invested in green building technologies pertaining to these adverse developments, s/he pays the fine noted on the function card (reducing his/her score by one point) or is suspended for one round as punishment. In addition, function cards can be used to add value or defend against attacks by other players. For example, a player may be rewarded for using the "Water-saving technology" function card while defending an attack by another player's "Drought" function card. The aim is to encourage players to use as many function cards as possible for strategic purposes; in addition to being helpful in progressing the game, the use of these cards helps players to acquire more knowledge related to green buildings while playing.
(5) Ending action: To prevent players from expanding their lands infinitely, the game ends when any player sells his/her fourth piece of land. However, this does not imply that that player has won the game; rather, each player's total number of gold coins is calculated (one point for each coin), with additional points awarded for various features (five additional points for each Grade A building, three additional points for each Grade B building, and one additional point for each Grade C building), and the total amount of green building technology rewards earned is calculated (one additional point for any one type of green building technology investment); deductions are also made (one point for each deduction token). The player with the highest final score wins the game. 
Description of the Experiment and Validation of the Game
Purpose of the Game Experiment
This experiment has four main objectives: (1) to validate the learning motivation of experimental subjects using the ARCS motivation model and IMMS; (2) to identify any difference in the effectiveness of learning between the experimental group and the control group, the latter of which did not adopt game-based learning but rather engaged in paper-based examination of green building concepts following instruction; (3) to discuss the relationship between the ARCS motivation model and learning effect using the cross-validation method; and (4) to examine the dramatic attractiveness of the game system.
Experimental Subjects
The experimental subjects were 72 higher vocational school students majoring in architecture (average age of 17 years old), divided into two classes (A and B). The experiment was conducted over the course of one week during instruction of "Basic Concepts of Green Building" in an Introduction to Architecture course in June 2013. For this learning topic, participants formally received information about green buildings for the first time in their program. In class A, the control group, students were taught about green buildings for an hour and a half using a traditional lecture-based teaching method; class B (the experimental group), however, spent the same amount of time learning about green buildings using the GBGame. As shown in Figure 3 , during the experiment, four players participated in each round of the GBGame (excluding the teaching assistants). Since the game content was developed based on the teaching materials used in the traditional class, students in both groups received similar information. Following the completion of the learning activity, students from both groups were immediately examined by having them complete a green building exam within a 45-minute time limit. They were also required to complete the IMMS related to traditional lecture-based and game-based learning. Figure 3 . The experiment group for game play.
Research Tool
The IMMS has been applied in many educational studies [40] , and is often used to analyze learners' motivational level in relation to specific instructional materials [36] . Keller [43] examined the reliability of IMMS using Cronbach's α, garnering a result of between 0.81 and 0.96. Guilford [46] suggested that Cronbach's α greater than 0.7 indicates a considerably high reliability, while 0.35 to 0.7 indicates moderate reliability. The survey modified from Keller's IMMS in this study was a closed questionnaire consisting of 36 questions covering attention (A), relevance (R), confidence (C), and satisfaction (S). To avoid any confounding influences of boredom or fatigue on the part of the experimental subjects, the questionnaire items were scrambled.
To assess the learning effect of the game, a 20 multiple-choice question and two open-ended (calculation) question green building exam was used. These questions were developed based on the teaching materials, and it was ensured that students could acquire the right answers either directly or indirectly and through either traditional or game-based learning.
Data Analysis and Results
Validation of the Learning Motivation Effect
All students in class A and B returned instructional material motivation surveys; the survey items and students' results are shown in Table 1 . The reliability, using Cronbach's α, of the survey for the two groups was 0.891 and 0.911, respectively. For the experimental group (who played the game), satisfaction items scored the highest among the ARCS (M = 4.25), followed by relevance (M = 4.16), indicating that the learners were satisfied with the game as a method of green building instruction and considered game-based learning capable of improving their attention and interest with regard to green building issues; moreover, they felt that the learning process gave them a sense of achievement. The situations simulated within the game also emphasized the personally relevant nature of such issues, and participants concluded that the game was both practical and entertaining. The results for the confidence items (M = 4.06) indicate the importance of clearly explaining the rules of the game; the learners considered the game to be moderately difficult. The players were confident that they were learning useful knowledge related to green building, and they felt that the effectiveness of learning could be improved with repeated play. The results for the attention items (M = 4.00) showed that the game stimulated learners' attention and interest and that the embedded environmental issues were worthy of attention.
For all four categories and most items, the average scores in the experimental group are 4 or greater, significantly higher than the scores in the control group who underwent lecture-based instruction. The result indicated that students had strong motivation to use this game to learn about green building [47, 48] . 
Validation of the Learning Effect
The 45-minute green building exam was used as a tool to validate the learning effect (full score = 100). Among the 72 exams distributed and returned, scores ranged from 35 to 95, with an average score of 77.61 for the experimental group, and 55.08 for the control group. By comparing the results of the two groups using a one-way ANOVA, it was discovered that the p-value (p < 0.0001) was significantly smaller than 0.05, indicating that the learning effectiveness for students in the game-based learning group was significantly higher than for students in the traditional learning group. This result is consistent with the theory proposed by Keller [48] that the use of games in education can improve students' motivation and learning, while strategic games can further cultivate their problem-solving abilities; for example, the green building exam included two open-ended questions asking students to solve real-world green building challenges. Results indicate that the GBGame is an effective instructional material for the improvement of students' green building knowledge.
Cross-Validation of Learning Motivation and Learning Effectiveness
To establish a relationship between learning motivation and learning effectiveness, this study used regression analysis to cross-validate these results among the 36 experimental subjects, as shown in Table 2 . The results indicate that the p-values are smaller than 0.0001 (p < 0.05). Therefore, there is a significant relationship between learning effectiveness and motivation, broken down into attention, relevance, confidence, and satisfaction. This positive correlation is aligned with findings by Keller and implies that if instructional materials and teaching models are attractive and meet the needs and desires of learners, and if appropriate content planning and guidance allow learners to gain a sense of achievement and satisfaction with the learning process, the learning effect will be significantly improved [16] . 
Examination of Dramatic Attractiveness of the Game System
To examine the dramatic attractiveness of the game, this study also developed a play-test mechanism wherein an additional four players repeatedly played six rounds of the game. For this play-test, A player was an experienced player and the other three players were beginners. The results, including players' scores and playing times of each round, are illustrated in Table 3 . By using a one-way ANOVA and regression analysis, some interesting findings are further discussed below. First, the one-way ANOVA revealed that there was no significant difference between the scores of the A player and the scores of the other three players due to the p-value (p = 0.39), which was significantly higher than 0.05. This result infers that players, with appropriate learning and involvement, can achieve equally high performance when playing the game no matter their level of familiarity or experience with the game. This examination also demonstrates the fairness and equilibrium of the game system design, wherein players do not feel anxious, frustrated, or bored during game play.
Second, this study used regression analysis to validate the relationship between the game rounds (independent variable) and the playing time (dependent variable). The results indicate that the p-value (p = 0.04, R 2 = 0.69) is smaller than 0.05, showing the strong relationship between the two variables: the higher the number of game rounds, the longer the game playing time. This finding concludes that the game, to some degree, has its own complexity and variability that requires players, when they became more experienced, to spend more time involved and interacting with others to win the game. When the challenges continue, players' ability may gradually rise, and the game should be more attractive. This result was also supported by the concept of the flow theory proposed by Csíkszentmihályi [49] , which states that players can be fully immersed in a feeling of energized focus, full involvement, and enjoyment in the process of game-playing.
Third, the scores of four players, as shown in Figure 4 , can be depicted in different zigzag lines. The results of these lines were similar to Fullerton's [50] Dramatic Arc regarding game design, which proposes that a good game design should experience several stages: exposition, rising action, climax, falling action, and resolution. The game usually begins with exposition; after introducing conflicts, players produce a series of events that lead to increasing actions toward reaching the goal. These actions lead to a climax, in which some sort of deciding factor or event is introduced. The climax is followed by a period of falling action, in which conflicts begin to resolve, and, finally, the resolution. In this play-test, it can be further observed that each player can develop his/her own Dramatic Arc, which indicates that the game has achieved its capable depths, leading to recognition as an insightful and dramatic learning tool. 
Rounds Scores
Conclusions and Discussion
As issues such as rapid environmental change and urbanization become increasingly important, various national governments are focusing on designing green building assessment systems that are in line with their own customs and culture. However, the promotion of green building has faced many obstacles, such as a lack of interest in engaging in greener building practices, stemming from widespread unawareness of its benefits. Given the identified advantages of games in education, this study designed and tested a strategic tabletop game to deliver green building knowledge, so that players could learn while playing and become motivated to learn how to improve the ecological friendliness of buildings in an urban environment.
This study used an ARCS motivation test and a green building exam to assess the effectiveness of green building education. The motivation results indicated that the experimental subjects exhibited strong learning motivation toward the game process, implying that the game was both practical and entertaining, and that it could stimulate players' attention and interest as well as help them to acquire useful knowledge relating to green building, thereby yielding a high degree of satisfaction. Correspondingly, the exam results indicated that the experimental group learned significantly more than the control group, implying that game-based learning was more effective than traditional learning for the same material. Through a cross-validation, this study also discovered that all four aspects of the ARCS motivation model are significantly related to learning effectiveness. This finding implies that if players can concentrate on the game while appropriate planning and guidance is provided, they can achieve a greater sense of satisfaction during the game process, greatly increasing learning effectiveness. In addition, the game system design demonstrates a high level of attractiveness, wherein players can be fully immersed in the process of game play. These conclusions may spur the development of innovative teaching models and instructional materials in the future.
Although the study presented here reveals that game-based green building education is a feasible and potentially successful teaching model, there are some limitations and challenges needed to be overcome; continuous improvements of the game system to reach the optimal equilibrium status considering instructional and recreational purposes are required. Some students, for example, reflected that the game should provide more interactive mechanisms among players to increase its excitement; moreover, refining the rules, procedures, and time control is necessary to promote and commercialize the game in the near future. Most importantly, the objective of this paper is not to impugn the effectiveness of traditional teaching methods or other techniques in a teacher's repertoire. Rather, this study suggests that games should be regarded as an effective teaching aid to enhance teaching practice, curriculum development, and the educational field as a whole. With the increasing ubiquity of consumer electronics, educational video games delivered via personal computer or smartphone are another promising way to deliver game-based education, including education in green building. In this way, the concepts of green building could be popularized more quickly and conveniently.
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